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© Composite or asymmetric fluorine-containing poiyimide membrane, a process for manufacturing 
the same and a method for the separation and concentration of gas using the same. 

© The asymmetric membrane is of a fluorine-containing aromatic poiyimide resin of the 6FDA type, consisting 
mainly of repeating units represented by the formula; 
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where R 1 is a divalent hydrocarbon group, or a divalent organic group comprising divalent hydrocarbon groups 
bonded by a divalent organic bonding group. The composite membrane has a thin film of an elastomeric 
polymer formed on a supporting film of a fluorine-containing aromatic poiyimide resin of the 6FDA type. 
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BACKGROUND OF THE INVENTION 
1. Field of the Invention: 

5 This invention relates to a fluorine-containing polyimide membrane for gas separation. More particularly, 
it is concerned with a composite or asymmetric membrane used for separating and concentrating a 
particular component from an industrial mixture of gases, a process for manufacturing the same, and a 
method of separating and concentrating a particular component from a mixture of gases using the same. 

io 2. Description of the Prior Art 

It is known that the polyimtdes make separation films or membranes having good heat- and chemical- 
resistant properties, as they have a high glass transition temperature and rigid structure. The known 
polyimtdes have, however, been unsatisfactory in permeability, though they exhibit high selectivity, as 
75 compared with other vitreous polymers. 

Ruorine-containing poly im ides have been found to exhibit high permeability, as compared with the prior 
polyimtdes, while retaining high selectivity, due to, the bulkiness of the hexafluoroisopropyl group, -C(CF 3 )2- 
, which they contain, and the improved solubility of gas by fluorocarbons. 

More specifically, there have, for example, been proposed homogeneous polyimide membranes 
20 composed of an aromatic acid anhydride including 5,5'-2^-trrnuoro-1-<trifluoromethyl)ethylidene-bis-1, 3- 
tsobenzofurandione (6FDA), and an aromatic diamine, methylenediantline, etc., as described in Japanese 
Patent Application Laid-Open No. 12342071988, United States Patent No. 4,705,540, Japanese Patent 
Application Laid-Open No. 262925/1989 and Japanese Patent Application Laid-Open No. 261524/1990. 

These homogeneous polyimide membranes have, however, been still unsatisfactory in permeability, 
25 selectivity, and applicability to different kinds of gases. Moreover, the mechanical strength required of those 
membranes have made them too large in thickness to exhibit any permeation rate that is satisfactory for 
practical and industrial use. 

SUMMARY OF THE INVENTION 

30 ~~ 

Under these circumstances, it is a principal object of this invention to provide a fluorine-containing 
polyimide membrane having high gas permeability and selectivity, as well as good heat and chemical 
resistances, and mechanical strength. 

We, the inventors of this invention, have found that composite or asymmetric fluorine-containing 
35 polyimide membrane having a specific composition exhibits a high gas separation factor and a very high 
rate of gas permeation, and is applicable to various kinds of mixed gases to separate and concentrate a 
particular component efficiently. 

Thus, the above object is essentially attained by a composite fluorine-containing polyimide membrane 
comprising a supporting film of a fluorine-containing polyimide resin consisting mainly of repeating units 
40 represented by formula 1 



45 




where R 1 is a divalent aromatic, alicyclic or aliphatic hydrocarbon group, or a divalent organic group 
consisting of divalent aromatic, alicyclic or aliphatic hydrocarbon groups bonded to each other by a divalent 
organic bonding group, and a thin film of an elastomeric polymer formed on the supporting film, or an 
asymmetric fluorine-containing polyimide film comprising a fluorine-containing polyimide resin consisting 
55 mainly of recurring units represented by formula 1 , and having an anisotropic structure. 

The composite membrane of this invention exhibits a hydrogen permeation rate of 1.6 x 10~ 3 cm^cm 2 
• s * cmHg, a carbon dioxide permeation rate of 72. x 10" 4 cnYVcm 2 • s * cmHg, an oxygen permeation 
rate of 1.3 x 1 0r 4 cnr^/cm 2 • s • cmHg, an ideal hydrogen/carbon monoxide separation factor of 140 or 
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above, an ideal carbon dioxide/methane separation factor of 60 or above and an ideal oxygen/nitrogen 
separation factor of 6.5 or above when it is used, for example, at a temperature of 25* C with a pressure 
difference of 2 atoms, between both sides thereof. 

The asymmetric membrane of this invention exhibits a hydrogen permeation rate of 1.8 x 10~ 3 crr^/cm 2 
5 • s • cmHg, a carbon dioxide permeation rate of 1.0 x 10~ 3 cm^cm 2 • s • cmHg, an oxygen permeation 
rate of 3 x 10*" 4 cm^cm 2 • s • cmHg, an ideal hydrogen/carbon monoxide separation factor of 60 or above, 
an ideal carbon dioxide/methane separation factor of 40 or above and an ideal oxygen/nitrogen separation 
factor of 5.5 or above when it is used, for example, at a temperature of 25 • C with a pressure difference of 2 
atoms, between both sides thereof. 

10 

DETAILED DESCRIPTION OF THE INVENTION 

The membrane of this invention comprises a fluorine-containing potyimide resin consisting mainly of 
recurring units represented by formula 1 , and preferably containing at least 90% thereof. It is a resin of the 

is type called 5,5'-2,2,2-trrfluoro-Htrifluoro^ (6FDA). In formula 1, 

R 1 is a divalent aromatic, alicyclic or aliphatic hydrocarbon group, or divalent organic group consisting of 
such hydrocarbon groups bonded to each other by a divalent organic bonding group. Phenytene groups 
having 6 to 12 carbon atoms are examples of the preferred divalent aromatic hydrocarbon groups. 
Methylene, isopropylidene, ether, sulfide, suHbne and hexafluoroisopropyl groups are examples of the 

20 organic bonding groups which can be used to bond divalent aromatic hydrocarbon groups to form an 
organic group. Linear and branched alkylene groups having 1 to 10 carbon atoms are examples of the 
preferred divalent aliphatic hydrocarbon groups. Ether, sulfide and polyoxyalkylene groups are examples of 
the organic bonding groups which can be used to bond divalent aliphatic hydrocarbon groups to form a 
divalent organic group. Cydohexylene and alkyl-substututed cyclohexylene groups having 6 to 12 carbon 

25 atoms are examples of the preferred divalent alicyclic hydrocarbon groups. Methylene, isopropylidene. 
ether, sulfide and sutfone groups are examples of the organic bonding groups which can be used to bond 
divalent alicyclic hydrocarbon groups to form a divalent organic group. 

The divalent organic group R 1 is preferably an aromatic hydrocarbon group, or an aromatic hydrocarbon 
group consisting of two aromatic hydrocarbon groups bonded to each other by an organic bonding group 

30 such as a methylene, isopropylidene, ether, sulfide, sulfone or hexafluoroisopropyl group, to ensure the 
formation of a membrane having high heat an hydrocarbon resistances. Specific examples of the preferred 
aromatic groups are: 
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300" C to 400 *C. in order to form a membrane having good physical properties and gas selectivity. It 
preferably has an intrinsic viscosity, v, of from 0.1 to 7, and particularly form 0.5 to 3 fa = 1/0.5 1n viscosity 
of solution/viscosity of solvent, as measured at a temperature of 30* C with the solution having a polymer 
concentration of 0.5 g / 100 ml of N-methyl-2-pyrrolidone as the solvent). The intrinsic viscosity of the 

5 polymer is closely related to its degree of polymerization, or its molecular weight If its intrinsic viscosity is 
too low, it fails to form a proper film, and if its intrinsic viscosity is too high, it is difficult to dissolve in a 
solvent and enables only an inefficient film-forming operation. 

The fluorine-containing polyimide resin of 6FDA type which is used for the purpose of this invention can 
be prepared by a known method of polymerization. For example, a polyamic acid solution is prepared by 

w reacting a N-methylpyrrolidone solution of 6FDA acid anhydride and diamine at room temperature. The 
obtained polyamic acid solution is subjected to either azeotropic distillation for thermal imide formation, or 
dehydration for chemical imide formation. 

Although there is no particular limitation to the process which can be employed for manufacturing an 
asymmetric membrane of this invention having an anisotropic structure, or a supporting film for a composite 

15 membrane of this invention, a preferred process will hereinafter be described. An appropriate supporting 
material is coated with a film-forming solution prepared from a fluorine-containing polyimide resin compris- 
ing repeating units represented by formula 1, and a first organic solvent which is compatible with water. The 
coated material is left to stand for a period of from one second to five minutes, preferably from 20 seconds 
to three minutes, preferably in a environment having as low a humidity as possible, to allow the partial 

20 evaporation of the solvent Then, the material is dipped for a short period of time in a second organic 
solvent which does not dissolve the fluorine-containing polyimide resin, but which is compatible with both 
the first organic solvent and water as a solidifying agent, and it is thereafter dipped in water, whereby an 
asymmetric film having an anisotropic structure is obtained. It is dried and heat treated to yield an 
asymmetric, or supporting film of the fluorine-containing polyimide resin. 

25 Examples of the first organic solvent, which is used to prepare film-forming solvent, are N-alkyl-2- 
pyrrolidone such as N-methyl-2-pyrrolidone, Nnalkyt-2-ptperidone such as N-methyl-2-piperidone, dial- 
kylacetamides such as dimethylacetamide, and dialkytformamides such as dimethylformamide. N-methyl-2- 
pyrrolidone is, among others, preferred. 

The film-forming solution may contain the polyimide resin at a concentration of from 3 to 40%, 

30 preferably from 5 to 30%, by weight H it contains too much of the resin, it has too high a viscosity to be 
uniformly coated to the supporting material, and can, moreover, form only a membrane having a gas 
permeation rate which is too low for the purpose of gas separation. The concentration of the resin in the 
film-forming solution is so controlled that the solution may have a viscosity of 50 to 5000 P, preferably 100 
to 2000 P. 

35 If it is desirable to form a membrane having a high gas permeation rate rather than a high separation 
factor, it is possible to add a swelling agent to a film-forming solution to facilitate the formation of a spongy 
porous supporting layer. The swelling agent which can be added to the solution is a liquid organic 
compound which is soluble in the first organic solvent and water, which has a solidification number of 50 to 
200 as defined by the minimum quantity in milliliters thereof to be added to 50 ml of a 2%-by-wetght N- 

40 methyt-2-pyrolidone solution of the polyimide resin to make it turbid as a result of the precipitation of the 
resin at a temperature of 25 *C, and which has a boiling point of50*Cto120*Cat normal pressure. It can 
be selected from among cyclic ethers, aliphatic ketones, al cyclic ketones, lower aliphatic carboxylic acids 
and the lower alkyl esters of lower aliphatic carboxylic acids. 

Specific examples of the preferred swelling agents are tetrahydrofuran, dioxane, acetone, methyl ethyl 

45 ketone, dietyl ketone, cyclohexane, acetic acid, formic acid, methyl formate, ethyl formate and methyl 
acetate. The film-forming solution may contain 30 to 300 parts, preferably 50 to 150 parts, by weight of 
swelling agent for 100 parts by weight of polyimide resin. If the proportion of the swelling agent is too large, 
the solution is likely to lack uniformity, and if the proportion is too small, it is likely that the solution may fail 
to form a film having a satisfactorily high gas permeability. The swelling agent can, for example, be 

so dissolved in the film-forming solution if a settled quantity of that is added to the solution containing the 
dissolved polyimide resin, and if the solution is stirred at room temperature, or under heat, if required. 

The coating thickness of the film-forming solution on the supporting material is so controlled as to 
achieve a film thickness of 50 to 400 microns, preferably 100 to 300 microns. The supporting material may, 
for example, be a sheet having a smooth surface, or a woven or non woven fabric. The use of a woven or 

55 nonwoven fabric is preferable for the purpose of this invention, as it reinforces the membrane formed 
thereon. 

The supporting material is coated with the film-forming solution, and is dipped for a short period of time 
in the second organic solvent, and thereafter in water, whereby a membrane having an anisotropic structure 
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is obtained. The membrane has a dense skin layer on its surface. It is appropriately dried and heat treated 
to yield an asymmetric fluorine-containing polyimide membrane of this invention. 

The second organic solvent is one which does not dissolve the polyimide resin, but is misdble with 
both the first organic solvent and water. Specific examples are lower aliphatic alcohols such as methanol, 

5 ethanol, propanol (particularly isopropanol) and butanol (particularly t-butanol), alkylene glycols such as 
ethylene glycol and propylene glycol, acetone, glycerol, tetrahydrofuran, and ethylene glycol monomethyl 
or monoethyl ether. The coated material is dipped in the second organic solvent at a temperature of 0 to 
100* C for a period not exceeding one hour, preferably not exceeding five minutes. The water in which it is 
dipped may have a temperature of 0 to 50C * , preferably 0 to 30 * C, and more preferably 0 to 20 * C. 

ro The membrane which is formed as hereinabove described contains water and need be dried. Although 
a variety of methods can be employed for drying the membrane, it is, for example, effective to dip the 
membrane in an organic solvent which is misctble with both water and an organic solvent (e.g. alcohol) and 
then in an organic solvent which is immiscible with water (e.g. hexane), and dry it at room temperature, or 
under heat if required, whereby an asymmetric membrane having a satisfactorily high gas permeation rate 

75 can be obtained. 

If the dry membrane is heat treated, it is possible to form a fluorine-containing polyimide membrane 
having still higher gas separating properties and a stable permeability. While there is no particular limitation 
to the conditions for its heat treatment, it is, for example, effective to heat the film at a rate not exceeding 
10*C per minute for period of one to three hours until it is heated to a maximum temperature in the 

20 neighborhood of the glass transition temperature of the flurine-containing polyimide resin, and preferably in 
the range of 150*C to 350*C. 

The asymmetric membrane obtained as hereinabove described is also used as a supporting film for a 
composite membrane of this invention. The composite membrane can be made if a thin film of an 
elastomeric polymer is formed on the dense skin layer of the asymmetric film. 

25 The term "elastomeric polymer" as herein used means a polymer which can form a flexible film. 
Specific examples of the polymers which can be employed for the purpose of this invention are 
homopolymers or copolymers of ethylenic monomers or conjugated diene monomers such as poly- 
propylene, polyvinyl chloride, an ethylene-propylene copolymer, an ethylene-propylene-diene copolymer, 
porybutadiene, polyisoprene. chloroprene rubber, poly(4-methyl-pentene-1), a butadiene-styrene copolymer, 

30 an isoprene-isobutylene copolmyer and polyisobutylene; copolymers of these monomers, and monomers 
containing functional groups, such as acrylonitrile, (meth)acry!ate and (meth)acry!ic acid; and copolymers 
containing both soft and hard segments, such as polyether polyol, polyurethane polyol, polyurethane 
polyester and poly amide polyether. It is also possible to use, for example, an epoxy resin which is curable 
by a long-and straight-chain curing agent, ethyl cellulose, and butoxy resin. 

35 It is preferable to employ an elastomeric polymer having a separation factor of 3 or above to a specific 
gas, a permeability coefficient which is higher than that of the fluorine-containing polyimide resin forming 
the supporting film, and a softening temperature of at least 50 * C, and more preferably at least 80 * C. More 
specifically, it is preferable to employ a homopolyer or copolymer of and ethylenic or conjugated diene 
monomer. 

ao The composite membrane of this invention can be made by coating the skin layer of the fluorine- 
containing polyimide resin supporting film with a solution of an elastomeric polymer in an organic solvent, 
curing the polymer if required, and drying the coating. The solution contains the elastomeric polymer at a 
concentration of 0.05 to 10%, preferably 0.1 to 5%, by weight, and is so coated as to form a thin film 
having a thickness of 0.01 to 5 microns, preferably 0.05 to 1 micron, on the supporting film. Any appropriate 

45 means can be employed for coating the supporting film with the solution of the elastomeric polymer. It is, 
for example, possible to employ applicator, or micro-gravure coater. It is also possible to dip the supporting 
film in the solution. 

This invention does not contemplate any limitation as to the shape of a membrane, or module, but can 

be embodied, for example, in the form of a spiral, or hollow yam module. 
50 If a mixture of two or more gases is brought into contact with the composite or asymmetric membrane 

of this invention, a particular gas is separated and concentrated from the mixture as a result of selective 

permeation. There is no particular limitation to the mixture of gases to which this invention is applicable. 

The mixture may, for example, be of carbon dioxide and methane, of oxygen and nitrogen, of hydrogen and 

carbon monoxide, or of steam and oxygen or nitrogen or air. The membrane of this invention is, however, 
55 particularly useful for separating a mixture of carbon dioxide and methane to concentrate methane, while 

allowing carbon dioxide to pass, or for removing steam from the air. 

The invention will now be described in further detail with reference to a variety of specific examples. It 

is, however, to be understood that the following description is not intended for limiting the scope of this 
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invention. 



EXAMPLES 1 TO 4 



A fluorine-containing aromatic polyimide resin containing repeating units represented by formula 3 was 
prepared by a chemical imide-forming process carried out by adding acetic anhydride and pyridine to a 
poly am ic acid solution (solvent: N-methyl-2-pyrrolidone) as a precursor at room temperature: 




J 



(3) 



The physical properties of the resin were as follows: 



20 



25 



30 



40 



Glass transition temperature: 
Weight-average molecular weight 
Number-average molecular weight 
Density: 

Intrinsic viscosity: 



297* C (as measured by DSC); 
150,000 (as measured by GPC); 
36,000 (as measured by GPC); 
1.44 (g/cm 3 ); 

2.05 (dl/g) (solvent N-methyl-2-pyrrolidone). 



Eight parts by weight of the fluorine containing polyimide resin was added to 92 parts by weight of N- 
methyl-2-pyrrolidone as a first organic solvent, and was dissolved therein by at least 48 hours of stirring, 
whereby a viscous polyimide solution was obtained. The polyimide solution was filtered under pressure in 
the presence of nitrogen gas, and the filtrate was debubbled at a reduced pressure to yield a uniform and 
transparent yellow film-forming solution. The film-forming solution was cast on a nonwoven polyester fabric 
at a surface velocity of 5 cm/sec. by an applicator to form a layer having a thickness of 200 microns. After 
the fabric had been left at a standstill for 60 seconds to allow the partial evaporation of the solvent, it was 
dipped in t-butanol at a temperature of 40 * C and was, then, dipped in ice water for an hour, whereby a 
water-containing film having an anisotropic structure was formed on the fabric. The film was dipped in 
ethanol and then in hexane for three hours each, and was allowed to dry at room temperature to yield a 
supporting film composed of a dense skin layer and a porous supporting layer, and reinforced by the 
nonwoven fabric. 

The supporting film was coated with a solution of one of the four kinds of elastomeric polymers as 
shown in TABLE 1, so that a layer of the solution having a thickness of about 3 to 10 microns might be 
formed thereon. Then, it was dried at 80* C for 30 minutes, whereby a composite membrane was obtained. 
Thus, four kinds of composite membranes were obtained. 

Each composite membrane was evaluated for its rate of carbon dioxide permeation and its ideal carbon 
dioxide/methane separation factor. The results are shown in .ojoffTABLE 1. 

The composite membrane of EXAMPLE 1 was evaluated for its rates of permeation for various gases 
and its ideal separation factors for methane. The results are shown in TABLE 2. 



EXAMPLES 5 TO 10 



Composite fluorine-containing polyimide membranes were made by repeating EXAMPLES 1 to 4, 
50 except that the film-forming solution contained 4 parts by weight of dioxane as a swelling agent. Each 
membrane was evaluated for its permeability to carbon dioxide and its separation factor for methane. The 
results are shown in TABLE 3. 



EXAMPLES 11 TO 21 

Different proportions, as shown in TABLE 4, of the fluorine-containing polyimide resin as prepared in 
EXAMPLE 1 were added to N.N'-dimethylacetamide (DMAc) or N-methyl-2-pyrrolidone (NMP) as a first 
organic solvent, and were dissolved therein by at least 48 hours of stirring, whereby viscous polyimide 
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solutions were obtained. Each solution was filtered under pressure in the presence of nitrogen gas, and the 
filtrate was debubbled at a reduced pressure to yield a uniform and transparent yellow film-forming solution. 
The film-forming solutions were each cast on a nonwoven polyester fabric at a specific surface velocity by 
an applicator to form a layer having a specific thickness thereon. After a part of the solvent had been 

5 allowed to evaporate, the coated fabric was dipped in a second organic solvent at a s specific temperature 
and then in ice water, whereby a water-containing film having an anisotropic structure was formed on the 
fabric. The film was dipped in ethanol and then in hexane for three hour each, was allowed to dry at room 
temperature, and was heat treated at 100*C and 150*C for an hour each, and at 200" C for 0.5 hour to 
yield an asymmetric membrane composed of a dense skin layer and a porous supporting layer, and 

w reinforced by the nonwoven fabric. 

Each of the asymmetric membranes which had been formed as hereinabove described was evaluated 
for its rates of permeation for carbon dioxide and methane and its ideal carbon dioxide/methane separation 
factor. The results are shown in TABLE 4, which also shows the thickness, temperature, and other details. 
The asymmetric membrane of EXAMPLE 16 was evaluated for its rates of permeations for various 

75 gases and its ideal separation factor for methane. The results are shown in TABLE 5. 

EXAMPLES 22 TO 25 

Asymmetrical fluorine-containing polyimide membranes were made by repeating EXAMPLES 11 to 21, 
20 except that a swelling agent was added to the film-forming solution, and that a relatively coarse nonwoven 
polyester fabric was employed as the supporting material. Each membrane was evaluated for its rates of 
permeation to carbon dioxide and methane and its ideal separation factor for methane. The results are 
shown in TABLE 6. 

25 EXAMPLE 26 

An asymmetric membrane was made by repeating EXAMPLE 20 from the fluorine-containing polyimide 
resin as prepared in EXAMPLE 1. ft showed permeation rates of 5.3 x 10~ 3 cm^STEPJcm 2 sec cmHg and 
1.6 x 10~* cm^STPJcm 2 sec cmHg to steam and nitrogen, respectively, and an ideal steam/nitrogen 
30 separation factor of 3300. 
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1. A composite fluorine-containing polyimide membrane comprising a supporting film of a fluorine- 
containing polyimide resin consisting mainly of repeating units represented by formula 1 
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where R 1 is a divalent aromatic, aJicyclic or aliphatic hydrocarbon group, or a divalent organic group 
comprising divalent aromatic, aJicyclic or aliphatic hydrocarbon groups bonded to each other by a 
divalent organic bonding group; and thin film of an elastomeric polymer formed on said supporting film. 

A process for manufacturing a composite fluorine-containing polyimide membrane which comprises 
coating a supporting material with a fluorine-containing polyimide resin consisting mainly of repeating 
units represented by formula 1 




where R 1 is a divalent aromatic, alicyclic or aliphatic hydrocarbon group, or a divalent organic group 
comprising divalent aromatic, alicyclic or aliphatic hydrocarbon groups bonded to each other by a 
divalent organic bonding group, and with a first organic solvent which is compatible with water; dipping 
said material in a second organic solvent in which said resin is insoluble, but which is compatible with 
said first organic solvent and water, dipping said material in water, whereby a fluorine-containing 
polyimide supporting film having an anisotropic structure is formed on said material; and forming a thin 
film of an elastomeric polymer on said supporting film. 

An asymmetric fluorine-containing polyimide membrane comprising a fluorine-containing polyimide 
resin consisting mainly of repeating units represented by formula 1 




(1) 



O 0 



where R 1 is a divalent aromatic, alicyclic or aliphatic hydrocarbon group, or a divalent organic group 
comprising divalent aromatic, alicyclic or aliphatic hydrocarbon groups bonded to each other by a 
divalent organic bonding group, said film having an anisotropic structure. 

A process for manufacturing an asymmetric fluorine-containing polyimide membrane which comprises 
coating a supporting material with a fluorine-containing polyimide resin consisting mainly of recurring 
units represented by formula 1 
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where R 1 is a divalent aromatic, alicyclic or aliphatic hydrocarbon group, or divalent organic group 
comprising divalent aromatic, alicyclic or aliphatic hydrocarbon groups bonded to each other by a 
divalent organic bonding group, and with a first organic solvent which is compatible with water; dipping 
said material in a second organic solvent in which said resin is insoluble, but which is compatible with 
s said first organic solvent and water; and dipping said material in water, whereby a film having an 
anisotropic structure is formed on said material. 

5. A method for the separation and concentration of gases which comprises bringing a mixture of two or 
more gases into contact with a membrane as set forth in claim 1 or 3, so that a particular component of 

/o said mixture may selectively be allowed to pass through said membrane. 

6. A method as set forth in claim 5, wherein said mixture contains carbon dioxide and methane, and said 
carbon dioxide is allowed to pass through said membrane, while said methane is concentrated. 

75 7. A method as set forth in claim 5, wherein said mixture contains steam, and oxygen or nitrogen or air, 
and said steam is allowed to pass through said membrane, and is concentrated. 



20 



25 



30 



35 



40 



50 



55 



15 



J 



European Patent 



EUROPEAN SEARCH REPORT 



EP 92 10 4681 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Ckad»o %f document wit* 
of relevant \ 


■noacatMo, whut mmmfopvtatet 


Kcftrrant 
to data 


CLASSIFICATION OF THE 
APPLICATION ObL CLS ) 


X 

Y 
D 


EP-A-0 265 898 (E.I. DU PONT DE NBOURS AND COMP 
) 

* abstract; claims; examples 22-36 * 

* paga 5, Una 15 - line 27 * 

A JP-A-63 123 420 (E.I. DU PONT DE NEMDURS AND 
C0N>) 


1.3.5.6 
2.4.7 


B01D71/64 
B01D69/12 
B01DS3/22 


X 


EP-A-0 241 937 (E.I. DU PONT DE NEMDURS AND COW 


1.3,5.6 




A 

0 


) 

* abstract; claim; examples 24,25 * 

A US-A-4 705 540 (E.I. DU PONT DE NEMDURS AND 
COMP) 


2.4.7 




Y 
A 


EP-A-0 315 981 (NTTTO DENKO CORP) 

* abstract; claim* 1.9.16 * 

* page 4, line 24 - page 5. line 16 * 


2.4 

1.5.6 




Y 


fcO-A-9 100 774 (MITSUBISHI KASEI CORP) 24 
January 1991 


7 




TECHNICAL FOLDS 
SEARCHED (be CLS ) 


A 
P 


* abstract * 

* page 6; table 2 * 

6 EP-A-0 437 611 (MITSUBISHI KASEI CORP) 24 July 
1991 

* abstract; dales 1,7,13.14 * 

* page 6, line 26 - line 52 * 

* page 4, line 26 - line 38 * 

* example 20; table 2 * 

* page 16, line 37 - line 39 * 


1.3.5,6 


B01D 


P,X 


EP-A-0 446 947 (UBE IND LTD) 18 September 1991 

* abstract; elates 1,4,8-11 * 

* page 8, line 32 - page 9, line 6; examples * 


3-6 








teen drawn urn for all dahlia 








THE HAGUE 


23 APRIL 1992 


H0ORNAERT P.6.R. 



CATEGORY OF CITED DOCUMENTS 



Y'pMttSrtJlSnStf 
A : * CSBMC ' / °* 

O: 
F: 



T: 

E: 



L:d 



rof thoi 



